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Rangelands occupy approximately half of the world’s lareh @&and store greater than
10% of the terrestrial biomass C and up to 30% of the gkdihbrganic carbon (Schlesinger
1997; Scurlock and Hall 1998). On a global scale, rangelardsséimated to sequester C in soll
at a rate of 0.5 Pg Cy{500 million metric ton C (MMTC)]. Although soil C sequigion rates
are generally low on rangelands in comparison to crdplaincreases in terrestrial C in
rangelands resulting from management can account faifisgnt C sequestration given the
magnitude of this land resource. This would signify that rebdieanges in rangeland C storage
have the potential to modify the global C cycle andugrfice climate (Schimel et al. 1990; Ojima
et al. 1993; Conant et al. 2001). Despite the significaaegealands can play in C sequestration,
our understanding remains limited (Schuman et al. 2008).

Potential of rangeland to sequester carbon

Rangelands are defined as uncultivated land areas that sgpgming and browsing of
animals. A wide range of ecosystems, such as nativenpit grassland, annual grassland, and
tundra, are included under rangelands (Lal 2001). Rangelarnds about half of the world’s
terrestrial area (47%) and contain more than a thitthe@fbove- and belowground C reserves
(Allen-Diaz 1996). In the United States, 161 Mha of the aedassified as rangeland, which is
primarily in the central prairie region with a gradiemnh short grass to tall grass prairie along a
moisture gradient. Due to the vast area, rangelangisaplamportant role in soil C sequestration
and hence can mitigate climate change due to increasmggpheric C@concentrations (Follett
2001).

In rangeland ecosystems, rates of C sequestratiom pdtek during early soil formation
and diminish with time, approaching a new equilibriumteady state level (Schlesinger 1990
1995; Chadwick et al. 1994; Schuman et al. 2008). Schuman ¢R0fll) estimated that
rangelands sequester C at a rate of 11 MMTE which can potentially be increased by 8
MMTC yr?in reestablished grasslands. Schuman et al. (2001) repoatedbiut one-third of
the U.S. rangelands (54 Mha) have no serious ecologmiibr management threats; therefore,
the reserve rangeland soil C pool can be considered/edyastable. Still changes in the C pool
can be possible due to alterations in species diver$ing remaining two-thirds of the
rangelands are recognized as facing some constraindetieaiorate the soil quality and hence C
storage. Effect of improved management or restoratfothese rangelands will be slow and
gradual.

In addition to conserving existing rangeland C pools, il important to develop
sustainable management practices to increase oreaeStgequestration potentials specific for
this ecosystem. Recent studies evaluating the impactaafngr on C storage (Manley et al.
1995; Schuman et al. 1999) revealed that in Wyoming rangelangkerpgoazing management
practices can increase the soil C content at a fae3oMT C ha yr* compared to ungrazed
mixed-grass rangelands, thus saving an additional 17 MMTC yr

The main considerations in rangeland soil organic C (S€¥Questration are: 1) the
aboveground C pool is less than 1% of the total ecosyStetorage and turns over every 1 to 2
years and short-term changes of aboveground biomass aleneot likely to affect the C



storage; 2) most SOC is recalcitrant and well protefttad natural disturbances and generally
resists change; 3) a majority of SOC input is due tadmmposition of belowground biomass;
and 4) a large perturbation in the SOC pool occurs duringesmsion and with site specific site

disturbances (Follett 2001).

The total area prone to high soil erosion may accourtZ8 Mha (considering rangeland
and pasture together) in addition, restoration managemedtices that improve biomass
production may sequester SOC at the rate of 100 to 200 kgria(Lal 2001). Annual C
emission due to erosion is about 14 to 16 MMTC gnd restoration can sequester 26 to 41
MMTC yr. Restoration treatments may also reduce the vohfneeoded sediments and hence
C loss (Lal 2001). Several practices that have been shtmwnpact C sequestration rates on
rangelands are shown Trable 1 and suggest that C sequestration rate extremes ane 2t@ to
9.3 Mg C h& yr with rates generally less than 1 Mg C'ha™* for most practices.

Impact of grazing on rangeland soil carbon pool

The impact of grazing management on the soil biogeodadmrocesses that regulates
rangeland C dynamics is not well understood due to heteedggen grassland types. Milchunas
and Laurenroth (1993) evaluated 34 data sets to compare sbiji@zed and protected areas
and found that about 40% of these results indicate aease in soil C due to grazing and about
60% showed a decrease or no response to grazing.

The impact of grazing on ecosystem processes is infigeby: 1) the extent of the
removal of photosynthetic biomass (defoliation), whishdetermined in part by grazing
intensity; 2) treading and trampling; and 3) fecal andeudiepositions (Heitschmidt et al. 2004).
The extent of defoliation depends on plant morpholagggwth stages, and the availability of
water and nutrients. Repeated grazing reduces plant geowltiproductivity, whereas light-to-
moderate levels cause suppression of growth with occagiooath enhancement (Briske and
Richards 1995). Selective defoliation modifies speciesposition, which often results in low
productivity and undesirable plant compositions. Tramplimg &eading compact the soll
surface increasing the soil bulk density while hoof adtieteriorates soil aggregate stability.

Unfavorable changes in soil physical properties may cadselane in water infiltration
and root growth. The addition of nutrients in the forfnfexal and urine influences the soil
biogeochemical processes. Altogether, grazing has the tbtém influence rangeland C
dynamics by altering plant litter chemistry (Milchunasl d aurenroth 1993; Barger et al. 2004),
plant biomass allocation patterns (Binodini et al. 1998)er production, and the spatial
distribution of nutrients (Potvin and Harrison 1984; Day &wdting 1990; Frank and Evans
1997). Depending on the intensity, grazing pressure may slowmesition rates by decreasing
plant litter C:N ratio or, due to decreased standing Agsnmay accelerate the decomposition by
increasing soil temperature (Welker et al. 2004).

Despite the above mentioned grazing impact on rangeladhgh&mics, results showed a
wide variation ranging from positive (Schuman et al 1999hdgative (Dormar and Willms
1998) and no response (Reeder et al. 1998). Gill (2007) evaluatadflttence of 90 years of
protection from grazing on carbon dynamics in subalpingefnd and reported that livestock
grazing had no significant impacts on total soil C or paldie organic matter but active soil C
content increased. The loss of C from the active G wase higher in grazed plots (4.6% of total
C) than in ungrazed plots (3.3% of total C). These resuipdy that grazing may convert the
relatively recalcitrant C pool into easily mineralizallC fraction. The exclusion of grazing
caused an increase in annual forbs and grasses lacking infidemss rooting system conducive
to soil organic matter formation and accumulation (Readd Schuman 2002).



Table 2: Measured and modeled rangeland carbon sequestration (C Seq.) rates.

Grassland type - Location Management Practice C Seq. rate Citation
(Mg Cha™ yrh)
U.S. Grasslant Potential mitigation gains Schuman et al.
Poorly managed grasslands (113 \ 0.1 (2001)
Conservation Reserve fgram grasslands (13 Mt 0.€
Potential avoided loss
Well managed grasslands (57 V 0.Z
Poorly managed grasslands (113 \ 0.z
Conservation Reserve Program grasslands (13 0.Z
Shor-grassprairie Grazin¢ 0.1z Derner et al.
Colorado (1997)
0.07 Reeder &
Schuman (2002)
Northern mixe-grass prairi 0.3C Schuman et al.
Wyoming (1999)
Northern mixer-grass prairi 0.2¢ Frank (2004)
North Dakota
Primarily temperate grasslan Fertilizatior 0.3( Conant et al.
Worldwide Improvec grazing 0.3t (2001)
Conversion from arable to permanent grast 1.01
Conversion from native vegetation to grass 0.3t
Introduction of legume 0.7¢
Earthworm introductic 2.3
Improved grass spec 3.0¢4
Cool temperate grassla- USA Convession from arable land to permanent pas 0.27 Post & Kwon (2000
Managed grasslai Reduction in I-fertilizer inputs in intensive le 0.Z Soussana et al.
(simple statistical model) Conversion of arable land to grass/leg 0.3- 0.5 (2006)
France Intensification of permanent grassli 0.z
Intensification of nutrier-poor grasslar -0.9 to-1.1
Permanent grassland to med-duration ley -0.2
Increasing duration of le 0.2-0.t
Shor-duration leys to permanent grassl 0.3-04
Peiennial grasslan- Texa: Converted from arable to grassland f-60 yt 0.4t Potter et al. (1999
Prairie grazing lands (11.5 Mh | Improved management practices (grazing, red 0.0¢4 Lynch et al. 2005
Canada stocking intensity and N fertilization)
Graslands- Argentine Impact of 370 years of livestock grazing (from e: -2.2 Pineiro et al. (2006
European colonization to present)
Northern mixe~grass prairie Sout Legume inteseedini 0.33- 1.5¢ Mortenson et al.
Dakota (2004)
Tallgrass Prairi— Kansa Nitrogen fertilizatior 1.6 Rice (2000)
Conservation Reserve Progri 0.41-1.1¢ Reeder et al. (1994
Wyoming
Conservation Reserve Progri 5.4-9.:¢ Nyborg et al. (1994
Saskatchewan
Conservation Reserve Progri Restoratio 0.8-1.1 Gebhart et al. (199

Texas, Kansas, Nebraska

Oklahoma/ Southern mix-grass
prairie

Sudan/ Southern mix-grass prairi

- <

65% | in SOCin 0-
10 cm with heavy
grazing

Fuhlendorf et al.
(2002)

80% of native

Olsson & Ardd

rangeland in 100 yr (2002)
MMTC yr™
U.S. grazing lani Grazed grasslai 29.5t0 11 Follett et al. (2001
Land conversion and restorat 17.6 to 45.
Low-input grasslan -4.1t0 13.
‘Improved management’ and intensificat 16.0 t(50.£
Emissions from grazing lan -12 t0-19.5
Net gain for UStotal grazing lands 17.5to 90.
Worldwidegrassland and Savan Present C sir 50C Scurlock & Hall

(2,400 Mha)

(1998)




The intensity of grazing is a major factor in contrglirangeland SOC dynamics. In
pastures of Virginia, USA, Conant et al. (2003) found siméitorganic C averaged 8.4 Mg Cha
more under intensive management or short rotation grahian extensively grazed or hayed
sites. Naeth et al. (1991) observed a negative impaspiborganic matter with heavy intensity
or early season grazing as compared to light intensityte season grazing in the grasslands of
Alberta, Canada. Heavy grazing resulted in significant resligtn height of standing and fallen
litter, and a decrease in live vegetative cover and argaaiter mass. They also reported that
large particle size organic matter was associated wihaaged treatments, whereas, medium or
small particle sized organic matter occurred in grazetihtezas. Johnston et al. (1970) reported
that heavy grazing of fescue grassland range in Albeaiageld the color of the Ah horizon from
black to dark brown, reduced the percent organic mattereased soil temperature but
decreased percent soil moisture. Change in organic matteant due to heavy grazing is related
to the change in soil physical environment and quantity@édinic matter input.

Some studies reported a similar SOC content or no mesp heavy grazing. Frank et
al. (1995) reported that heavy grazing did not reduce SO@a@h with exclosures or control
sites, but moderately grazed pasture contained 17% lesst#&@Ghe control within 106.7 cm
depth in the mixed prairie of North Dakota. PreservatioB@C in heavy grazed sites was equal
to the exclosures, which was likely due to an increadelua grama, a species with a dense
shallow root system. Heavy intensity grazed land can beactesized by bare ground or
dominated by warm-season grasses, forbs, and lichens, whigtéayrazing is covered by litter,
western wheatgrass and total cool-season graminoidsleia&t al. (1997) found that heavy
grazing increased the percent of above-ground biomass caetfilby forbs and decreased
western wheat grass contribution.

Moreover, Smoliak et al. (1972) observed a higher valueotal {C and other SOC
fractions due to heavy grazing compared to light or no gyaZihey attributed the outcomes to
alteration in the amount of and kind of roots due to ghann species composition and the
increased amount of manure deposited by sheep. High itgtemazing replaced the deeper
rooted species with a shallow-rooted one in the arid environreeder and Schuman (2002)
reported significantly higher SOC in grazed pastures comparadn-grazed exclosures and in
the case of short grass steppe, higher SOC was onlyetseithin heavy intensity grazing in
semiarid grasslands. Grazing at light to moderate stockieg resulted in stable, diverse plant
communities dominated by forage grasses with dense, fibomigg systems favorable for
building up SOC. Grazing management practices that encounagge fproduction also have the
potential to increase soil organic matter (Conant.2G01).

Consequences of increasing atmospheric, €oncentration can affect rangeland C
storage by accelerating the photosynthesis rate, hanceease biomass production, and
lowering the decomposition rate (Schuman et al. 2008). Aga8 gld CQ enrichment study in
tall grass prairie revealed that the soil system seeuggsan additional 59 g Cyr due to
increased above and belowground production and resulted in hg8D€r The extent of
increased Cgsequestration potential of rangeland depends on the respiopls@t communities
to elevated C@ Grass species having higher leaf area than their competitb become
increasingly dominant under elevated fL@oncentration (Teyssonnneyre et al. 2002).
Dominance of @ species over L£species is another probable consequence of increasged CO
concentration (Soussana and Luscher 2007). Warm-seagpgréSses are less nutritious than



Cs grasses in terms of crude protein content and higher @d\ @hanges of grazer food quality
in terms of fine scale (crude protein concentration amdir@tio) and coarse scaley€pecies vs.
C4 species) may be expected due to elevated €fcentrations. The three main issues in
considering the fate of rangeland in a high atmospherig c@@centrations, are 1) changes in
production and quality of herbage; 2) changes in the glebalronment such as rising
temperatures, changing precipitation and rising, €0ncentrations will become determinant
factors in plant community diversity and loss of productiand 3) the impact of extreme
climatic conditions e.g. heat waves and droughts on nekdbange in terrestrial ecosystem
(Ciais et al. 2005; Soussana and Luscher 2007). The presergatiangeland C stock in an
altered climate with a high temporal variability andvated CQ concentrations which may
saturate SOC sink, will be the most sensitive isstiearfuture.

Rangeland Research Activities

To develop a better understanding of the influences afagement and climate on
terrestrial C sequestration in rangelands in the Greats?Iresearch was undertaken on selected
sites at the High Plains Grasslands Research Statie6R3$) for the Big Sky C Sequestration
project. Schuman et al. (1999) initiated research ontaeror mixed grass rangeland site in 1993
and found that grazing significantly increased SOC inupyeer 30 cm of pastures grazed at
light- and heavy stocking rates, season-long comparedotegrazed exclosures. Sampling
protocol, experimental design, and laboratory methodsleseribed by Schuman et al. (1999).
They estimated that over 11 years of grazing, these pastegeiestered C at the rate of 0.30 Mg
C ha'yr™. This research was continued under this project andls@mpas carried out in 2003
to assess the effect of several drought years duringehed 1993-2002. Re-sampling of the
permanent transects established by Hart et al. (1988) in 1988aanpled in 1993 showed that
drought can significantly impact rangeland SOC levelarbeC sequestration. SOC in the 0-30
cm soil depth of the continuous, heavily grazed (CH) andgnared (EX) was significantly
lower than that of the continuous, lightly grazed (@eatment.

Table 2 shows the levels of SOC present in the various spilhdein 1993 and 2003 of
the northern mixed grass rangeland site near Cheyenne, M{o8ignificant below average
precipitation in 7 of between those 10 yedfgy(re 1) resulted in a loss of SOC from the CH
and EX treatments. During the 21 years of grazing on tipastures plant community
composition changes and productivity occurred that help ptaiexthe loss in SOC observed
during these drought years. In the past 21 years plant pratuctithe heavily grazed pastures
has declined by nearly 50% compared to the EX and CL butraeee important is the fact that
the CH has become dominated hydtasses (predominately blue grama) compared to the other
two treatments that are dominated kyg€asses (western wheatgrass).

A significant reduction in aboveground biomass in the Cddilted in lower potential C
inputs from both above- and belowground litter productiom@&an et al. 1999). Potential root
C inputs also changed due to shift in plant community compnsiAbout 56% of western
wheatgrass root biomass occurs in the top 15 cm and 86% iopgl@Otcm of the soil profile
(Weaver and Darland 1949). Needleandthreag) (Qots are also predominately found in the
upper 45 to 90 cm (Coupland and Johnson 1965). However, 83% of hlma goots are found
in the surface 15 cm of the soil with approximately 92%heirtroots being in the surface 30 cm



Table 2. Soil organic carbon massin the non-grazed (EX), continuous, lightly grazed (CL),
and continuous, heavily grazed (CH) pastures at the High Plains Grasslands Research
Station, Cheyenne, WY in 1993 and 2003 (M odified from Ingram et al. 2008).

Soil depth 19931 2003
(cm) EX CL CH EX CL CH
(kd)ha
socC

0-15 28,163  35,14f 35,950" 27,296(-3.1) 31,96% (-9.0) 25,971 (-27.8)
0-30 47,923 57,988 58,298" 47,293 (-1.3) 54,193 (-6.5) 42,52%° (-27.1)
0-60 88,147 91,938 101,268" 80,456 (-8.7) 92,47F (+0.6) 70,526° (-30.4)

Means within a soil depth and year with different loweedatters are significantly different at P<10.
Means with a soil depth across years with different uggertetters significantly different at P<L0.

(Weaver and Darland 1949). The fact that the abundanbrRi@fgrama roots are in the surface
30 cm of the soil allows this species to take advantagleeo$mall precipitation events that are
common in this environment and they deposit a greater amoutheir C belowground
(Coupland and Johnson 1965). With blue grama the predominancellofvstwts make them
more vulnerable to decomposition and oxidation and evelaissto the atmosphere as £0d
CH,. Bare ground in the CH treatment also increased by 50-9(%vesto the CL and EX
treatments enabling the potential loss of C from thieveowind and water erosion (Neff 2005).
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Fig. 1. Departure from the long-term (1982-2003) mean annual precipitation (424 mm)at
the HPGRS, Cheyenne, WY. The study wasinitiated in 1982 and sampled in 1993 and 2003
(indicated by the asterisks) (Ingram et al. 2008).



Changes in the quantity, quality and location of the @nsieebe important factors in regulating
C pools in grazed ecosystems (Ingram et al. 2008). Thesmgmare supported by recent
research that shows that climate change (temperatdr@ragipitation) can be responsible for
significant SOC losses (Bellamy et al. 2005). Soil terpee data collected from an ungrazed
area near the study site showed a general increasepertnre at both the 38 and 102 mm soil
depth (data not shown) during the study period 1982-2003. The flaxfadm the soil to the
atmosphere during periods of low precipitation and/or drouglibomparable ecosystems has
been documented by others (Meyers 2001; Frank 2004; Hunt 2004; Morgan et al. 2004;
Svejcar et al. 2008).

To further evaluate the long-term effects of livestockzgrg and short-term average
precipitation effects on SOC we re-sampled the monthmixed grass rangeland site at the
HPGRS in the spring of 2006 (Schuman et al. 2007). Pre@mtat 2003 and 2004 were
slightly below the long-term average and 2005 precipitati@as above the long-term average.
SOC in the 30 cm soil surface showed no differencesdastwreatments in 2006. The CL and
CH grazing treatments showed a slight but significantedse in SOC in 2006 compared to
2003; while the EX showed no change during that time. WeMeelleat during the time period
2003 to 2006 the climatic conditions may have overridden geamant effects on SOC due to
the ecological lag of the severe drought of 2002. Conicdiivariate analysis of the microbial
community data indicates that the structure of therabial communities were statistically
different among the grazing treatmenksg(re 2). If we assume the CL grazing treatment is
more typical of the grazing that occurred over theenilia that these rangelands experienced
prior to settlement, the EX and CH appear to haveeshiftway from the CL treatment. The
microbial biomass, microbial respiration and N-mineraiiza rates also responded similarly,
CL>EX>CH (Ingram et al. 2008).
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Figure 2. Canonical multivariate analysis for microbial groups as determined by
phospolipid fatty acid analysis (PFLA) for the 0-5 and 5-15 cm depth increments from soils
in non-grazed (EX), continuoudly, lightly grazed (CL), and continuously, heavily grazed
(CH) pastures at the High Plains Grasslands Research Station, Cheyenne, WY . Ellipses
wer e hand drawn to indicate grazing treatment groupings (Schuman et al. 2007).



Evaluation of HPGRS SOC dynamics in CL and CH grazexs sihd the 60 yr old EX
(Ganjegunte et al. 2005) found that within surface soils (0-6tkenSOC and N contents were
significantly greater in CL (SOC -2.57% and soil totalagen (SN) - 0.23%) than CH (SOC -
1.98% and SN - 0.17%) or EX (SOC - 2.09% and SN - 0.18%). Signifiignin (cupric oxide
(CuO) analysis) contents (e.g., Vanillyl + Syringyl + @amyl compounds - VSC) were noted in
EX (429 mg kg soil) than CL (314 mg K§ soil) and CH (294 mg kg soil) soils. The CuO
oxidation of humic (HA) and fulvic (FA) acids indicatethat HA under CL contained
significantly greater V, S, and total lignin than that un@del or EX, whereas FA extracted from
CH contained significantly greater V and C than thataeted from CL and EX. THEC NMR
spectra of HA did not vary significantly among theethrgrazing treatments nor did the FA
spectra. However, overall the HA spectra had signiflgagreater alkyl, methoxyl, and aromatic
C than FA and FA spectra had significantly greater K9tadnd di-O-alkyl C than HA,
suggesting HA is more recalcitrant and aromatic thanTh&s3C ands*®N values for humic or
fulvic acid did not differ significantly among grazing treents; however, the overal®N value
for HA (+2.9) was significantly lower than that for KA4.6) indicating N in HA is not readily
available to plants. These results suggest that therebemeficial effects of light grazing
compared to heavy grazing and non-grazing with respect teasmed SOC and N contents.
Stimulation of aboveground vegetation growth, betteornporation of aboveground biomass,
and increased decomposition rates of plant residues odcwitbin the CL grazing and
increased SOC contents.

To further assess the effects of climatic and land gemant effects on soil C
sequestration Derner and Schuman (2007) reviewed the Utertd correlate C sequestration
with precipitation and management practices. No S$talsrelationship was found between
length of grazing practice and change in SOC. The generad suggested a decrease in C
sequestration with longevity of the grazing practice acsbscking rateHigure 3). This trend is
consistent with the understanding that the ecosystdinneach a ‘steady state’ and changes in
inputs or management would be required to sequester adtifo@onant et al. 2001, 2003;
Swift 2001). Derner and Schuman (2007) suggest that C sequastratuld stop after 80-85
years with a grazing practice. Mortenson et al. (2004) stefhésat a ‘steady state’ was reached
after about 30-35 years after interseeding a legume iatwenrangelands. The effects of
precipitation gradient on rangeland C storage in the O0+80sail depth showed a general
increase with increasing precipitation (Derner and Schu®@®7). Comparisons of grazed vs
nongrazed pastures revealed a threshold from positivedgatise sequestration occurs at 440
mm when assessing the 0-10 cm soil depth, and at 600 mm {aaipwhen assessing the 0-30
soil depth Figure 4). Above these precipitation levels it appears thasdquestration in
rangelands decreases. These evaluations of precipitttectis on C sequestration agree with
those observations of Sims et al. (1978) and Sala €&988) in identifying the 370 to 400 mm
precipitation range as a transition where abovegrounslystam responses to grazing occurs.
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Figure 3. Change (grazed vs. non-grazed, %) in soil organic carbon with respect to length of
grazing treatment in North American Great Plains (dataisfrom Frank et al. 1995; Schuman et
al. 1999; Reeder and Schuman 2002; Derner et al. 2006) (From Derner and Schuman 2007).
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Figure 4. Change (grazed vs. non-grazed, %) in soil organic carbon change with mean
annual precipitation (M AP) with grazingin North American Great Plains (0-10 cm datais
from Smoliak et al. 1972 and Fuhlendorf et al. 2002; 0-30 cm dataisfrom Frank et al.
1995; Schuman et al. 1999; Reeder and Schuman 2002; Derner et al. 2006) (From Derner
and Schuman 2007).



Recent efforts by a scientific advisory panel to thhic&go Climate Exchange
(http://www.chicagoclimatex.com/) resulted in a Rangel8ond Carbon Offset Program. Dr.’s
Justin D. Derner and Gerald E. Schuman were invited tee san that advisory panel which
developed the protocol being used by the Chicago ClimateaBgehto buy C offset credits on
rangelands in the Great Plains and Northwestern rardgeldheir participation greatly enhances
the efforts of this overall research project. The malpw (Figure 5) shows the Land Resource
Regions for which these protocol were developed and thgveIC sequestration rates accepted
by the Chicago Climate Exchange. For greater detaih@ensubject see the above mentioned
web site. Sagebrush-grasslands were not included in thiallbetort because scientific data is
not available to determine or establish C sequestratiea ca those ecosystems. This is an area
of research in this specific rangeland ecosystem thatsrattention.

| rfvaar s
LA T

Sustainable Rangeland

Management Soil
Offset Map s

| 7" Chicaga Climats Exchangs ke

{oex

Carbon Sequestration Rate (metric tonsdacrelyear}
reen-degraded managed rangslandirsstoration of degraded rangeland
I orthwestern Region LRR B2 0, 1210.20 California Regicn LRR C: 0.16/0.18

[__| Rocky Mountain LRR E: 0.120.28 Horthern Grast Plains LRR F: 0.1210.24
B Westem Grost Plains LRR G:0.2710.40 B Central Great Plains LRR H: 020052

Figure 5. Land Resource Regions and their relative C sequestration rates according to the
Chicago Climate Exchange.

Example of a M anagement Practice for C Sequestration

A rancher decides to implement a prescribed grazing BWRro area of rangeland.
Watering facilities are added to increase the amountea available for grazing. Fences are
installed to facilitate rotational grazing which will impethe health and density of vegetation
suitable for grazing by livestock and big game. Within 10 yetrs, amount of carbon
sequestered averages approximately 0.27 Mg*yh& Assuming the value of the sequestered
carbon is $4.00 M§ this equates to a value of $1.08*ha™. The number of marketable



animals produced and the weight of the animals sent to madeases. Increased costs are
incurred to install fences and watering facilities aond the additional labor for rotational
grazing. This rancher's beef production increased from &fbta 30 kg ha yr™. The rancher
realizes that this change in the operation of thehratso has the potential to increase the value
of the land and will also the improve conditions fish and wildlife habitat thus creating the

potential for revenue from hunting or fishing.

Other potential management practices that could resalt increased C sequestration in

plants and soils are listed in the following table.

Table 5. Practicesthat result in a net sequestering of carbon in plants and soils

GRAZING LAND PRACTICES

Accumulation

Mg ha' yr*
Controlling annual plants +
Seeding areas of low vegetation density with perennial plants +
Improving/maintaining range health to a high level by propekstgaates 0.30
Improving/maintaining range health to a high level by prescrijpading’ >0.30
Rotation grazing +
Facilitating grazing management by developing livestock mMatdlities and fencing +
Interseeding with legumés +
Reduce the amount of brush on bush-dominated areas, preferably byiceanethods +
Maintain healthy grazing lands by implementing practices sugbbgteesults of periodig +
vegetation condition assessments
Planting tree species that produce highest amounts of wood +

Selecting sites for new plantings according to the highesmhjitéor growth rates

+

Plant shrubs and trees when reclaiming disturbed areas, suchess mi

+

Farmstead shelterbeits

14 million tons in 20
years

Living snow fence$

192,000 tons per 100
miles in 20 years

+ Carbon Storage is increased, but research is needed to detgatoies

YEveet al. (2002); /M ortenson et al. (2004); *National Agroforestry Center (2001)
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